The essential oil (EO) of the flowers from Banisteriopsis campestris was analysed by GC and GC-MS. Fatty acids were the most abundant class of compounds in the EO, followed by long-chain alkanes and oxygenated sesquiterpenes and monoterpenes. The main constituents were hexadecanoic acid (39.43 %), (E)-nerolidol (10.51 %), triacontane (9.08 %), heptacosane (5.49 %) and linalool (3.23 %). The antimicrobial activity of the EO was evaluated against aerobic and anaerobic oral bacteria and some yeasts by broth microdilution method. The EO inhibited the growth of all tested oral bacteria, showing strong activity against S. sanguinis with minimum inhibitory concentration (MIC) of 25 μg mL -1 . Considerable antibacterial activity was also observed for the anaerobes Porphyromonas gingivalis and Actinomyces naeslundii with MIC of 50 μg mL -1 . The EO of B. campestris flower showed moderate activity for S. mutans, S. mitis, A. actinomycetemcomitans and Fusobacterium nucleatum with MICs ranging between 200 and 400 μg mL -1 . The antifungal activity was evaluated against C. albicans, C. tropicalis and C. glabrata. The MIC results were above 3000 μg mL -1 , indicating inactivity against these yeasts. This study revealed that the OE of B. campestris flowers has promising antibacterial activity and this is the first report on its chemical composition and antimicrobial activity Keywords: Banisteriopsis campestris, essential oil, CG-MS, antibacterial activity, antifungal activity.
Introduction
Malpighiaceae is composed of 75 genera and approximately 1300 species of plants. 1 Banisteropsis is one of the most expressive genera of the family, with 92 species, 47 of which are distributed throughout Brazil and 11 are endemic species of the Cerrado. Banisteriopsis campestris is a shrub that rarely exceeds 1.5 m in height with flowering occurring from December to February and fruiting in January. 3 Many works involving the chemical composition and biological activity of Banisteriopsis species have already been reported and show that they may be useful in the prevention of some human diseases. 4, 5 Different classes of metabolites have been found in Banisteriopsis species such as alkaloids, flavonoids, tannins and terpenoides. 6, 7, 8 Antimicrobial, anticholinesterase, antinociceptive, antitumor, antifungal, analgesic, vasorelaxant, hypothermic and analgesic properties are also described in the literature. [6] [7] [8] [9] [10] [11] [12] From this class of plants, it is possible to obtain essential oils with powerful biological applications.
Despite the possible applications, few studies have been carried out with this genus of plants, which includes Banisteriopsis campestris. Only studies into the chemical composition and biological activity of the volatile EOs of leaves of Banisteriopsis laevifolia and Banisteriopsis oxyclada have been reported so far. 7, 8 Among the antimicrobial activities studied for this genus are those related to oral diseases, such as caries and periodontitis.
Dental caries is a global health problem that affects human beings of different age groups. 13 Moreover, it has been suggested in recent years that oral bacteria associated to dental caries have some links with many systemic diseases such as pneumonia and cardiovascular disease.
14, 15 Many synthesized antimicrobials, such as ampicillin, chlorhexidine, sanguinarine, metronidazole and phenolic and quaternary ammonium antiseptics, have been very effective in preventing tooth decay. 16, 17 Chlorhexidine is one of the most widely used antimicrobial agents against oral bacteria. However, several studies have reported adverse effects, such as changes in tooth colour, oral and intestinal flora disorders and diarrhoea, associated with the use of these antimicrobials. 18 In addition, the resistance of pathogens to drugs is one of the largest problems in the treatment of microbial diseases. 19, 20 In this context, natural antibacterial substances have attracted the attention of researchers. 21 Therefore, the search for new natural products or prototypes with antibacterial activity becomes an important tool for the control and prevention of oral and systemic diseases in human health. 22 In 
Extraction of essential oil by hydrodistillation
Fresh flowers of B. campestris were cut and extracted in a Clevenger apparatus for 4 h under reflux as described by Cunha and collaborators. 22 Then the EO obtained was extracted with dichloromethane and the organic phase was separated and dried with anhydrous sodium sulphate, filtered and kept in a closed flask under refrigeration (-10 °C). The percentage yield was calculated relative to the dried mass of the initial sample; this procedure was performed in triplicate.
Identification of essential oil
The EO was analysed by gas chromatography coupled to mass spectrometry (GC-MS, Shimadzu/QP2010) using an OV-5 bonded capillary column (30 m × 0.25 mm × 0.25 m film thickness). The carrier gas was helium at a flow rate of 1.0 mL.min . The electron impact energy was 70 eV and fragments from 40 to 650 / were collected. The identification of the chemical constituents was carried out by comparison with virtual libraries (Wiley and SHIM2205), and Arithmetic Indices (AIs) were calculated and compared with those in the literature. The AIs were calculated using the equation AI (X) = 100 PzC + 100 [( (X) − (Pz)) / ( (Pz+1) − (Pz))], which is based on the retention times of linear alkane standards (Sigma-Aldrich). 23 Within the equation, is the retention time in min, X is an unknown compound, C is the carbon number of the alkane Pz that runs before X, and Pz + 1 is the alkane that runs after X. The identification was based on a comparison of the mass spectra obtained and those of the virtual libraries, and the AI obtained was compared with AIs of the NIST Standard Reference Data, and Adams book. 24, 25 The quantification of the compounds present in the EO was performed in gas chromatography equipment with flame ionisation detector (GC-FID, Shimadzu GC2014), using the same capillary column OV-5 under the same conditions as for GC-MS, but Nitrogen was used as carrier gas.
Antibacterial activity
The tested strains were obtained from the American Type Culture Collection (ATCC, RockvilleMD, USA 
Broth microdilution method
The minimum inhibitory concentration (MIC) value is the lowest concentration of oil capable of inhibiting the growth of a microorganism. The antibacterial activity of B. campestris was determined in triplicate using the microdilution broth method in 96-well microplates.
26,27 The EO was dissolved in DMSO (Synth) at 8000 µg.mL ) for anaerobic; concentrations tested ranged from 400 to 25 µg.mL ) was added to the microplates, to indicate microorganism viability. 28 Chlorhexidine dihydrochloride was added as positive control, and the concentrations ranged from 0.0115 to 15.68 µg.mL -1 . Sterility tests were performed for the TSB and Schaedler broths, control culture (inoculum), positive control, oils and DMSO.
Antifungal activity
The microorganisms tested were Candida albicans (ATCC 28366), C. tropicalis (ATCC 13803) and C. glabrata (ATCC 15126), from American Type Culture Collection (ATCC, Rockville MD, USA). The assays were performed using broth microdilution method using the standards recommended by Clinical and Laboratory Standards Institute. 29 The stock solutions were prepared by dissolving the EO in DMSO (Sigma-Aldrich, Co) in a concentration of 192,000 µg.mL . Then, the dilutions recommended by CLSI were made with RPMI until the inoculums reached 1.2 × 10 3 CFU.mL
The MIC determination was performed using 96-well microplates, where dilutions with final concentrations were made in the range of 1.46 to 3,000.0 µg.mL . If the MIC value is within this range for these yeasts, the methodology and the results for the other tested yeasts are validated according to the reference protocol M27-A3. 29 After incubation, 30 μL of a 0.02 % aqueous resazurin (Sigma) solution was added to each well and the microplates incubated for further 30 min, for observation and descriptive analysis of the results. The MIC was calculated and correlated to the minimum concentration of sample that was able to inhibit the growth of yeasts. Resazurin is an oxyreduction probe that allows for immediate observation of microbial growth. The blue and red colours represent the absence and presence of microbial growth, respectively. 
Statistical analysis
All data on the biological tests were submitted to ANOVA treatment with a significance level of 5 %, using the Tukey method in GraphPad Prism 5.
Results and Discussion
In the EO of B. campestris flowers, 26 volatile compounds were identified by GC-MS, comprising 96.19 % of its composition. The yield of the EO of B. campestris flowers was 0.011 ± 0.002 %. The Table 1 shows the composition of the EO and Table 2 the chemical classes of the identified compounds. The major components identified in the EO of the flowers of B. campestris were hexadecanoic acid (39.43 %), sesquiterpene (E)-nerolidol (10.51 %), long-chain alkanes triacontane (9.08 %) and heptacosane (5.49 %) and monoterpene linalool (3.23 %) ( Figure  1 campestris has been reported. In the study by Baronio and Del Claro, B. campestris oil was obtained by friction in microcapillary tubes, followed by immersion in ethyl acetate, evaporation of the solvent and reaction of the remainder with diazomethane. 31 In the characterisation of the final product by GC-MS, eight esters corresponding to their methylated fatty acids were observed. Methyl hexadecanoate, methyl-3-acetoxyoctadecanoate and 3,9-diacetoxydocosanoic acid methyl ester were the major constituents. Figure 1 (Table  3) . 7 The EO of flowers of B. campestris is rich in compounds with proven antibacterial and antifungal effects. [36] [37] [38] [39] [40] [41] [42] [43] [44] In particular, in relation to the majorities, hexadecanoic acid, (E)-nerolidol and triacontane (a long-chain alkane) have recognised antimicrobial activity. 40, 45, 46 The evaluation of the antimicrobial activity of the EO of flowers of B. campestris was determined against aerobic and anaerobic oral bacteria and some yeasts. The antimicrobial activity of the EO of this species has not yet been described. The analysis was carried out using the broth microdilution method, aiming at the determination of the MIC. Tables 4 and 5 show MIC values for the antibacterial and antifungal activities, respectively. , between 100 and 500 μg.mL -1 and between 500 and 1,000 μg.mL -1 correspond to promising, moderate and weak activities, respectively, while MIC values above 1,000 μg.mL -1 indicate inactivity. Recently, new considerations on the antibacterial activity of EOs against cariogenic bacteria such as S. mutans and S. sanguinis have been proposed. For MIC values less than or equal to 100 μg.mL -1 , activity is considered to be very strong; 101-500 μg.mL -1 , strong; 501-1000 μg.mL -1 , moderate; 1,001-2,000 μg.mL -1 , poor; and above 2,001 μg.mL -1 , inactive. 43 In this study, the EO of the flowers of B. campestris showed strong antibacterial activity against P. gingivalis and A. naeslundii with MIC values of 50 μg.mL -1 , and moderate activity for F. nucleatum with an MIC value of 200 μg.mL -1 . Regarding the aerobic bacteria, the EO of the flower showed a very strong activity against S. sanguinis (MIC of 25 μg.mL ) and moderate effect against S. mitis and A. Actinomycetemcomitans. Although the EO of the flower of B. campestris was active against all microorganisms tested, we highlight here the results found for the anaerobic bacteria. Studies show that some EOs have a higher antibacterial activity against Gram-positive aerobic bacteria, since Gramnegative anaerobic bacteria have a phospholipid bilayer in their cell wall, which prevents the penetration of macromolecules and hydrophobic compounds, increasing their resistance. 49, 50 It is also important to note that the bacteria evaluated in this study cause oral diseases such as caries, endodontic infections and periodontitis and systemic diseases such as infective endocarditis.
The inhibitory concentration results for the EO of B. campestris and other species are shown in Table 5 .
In Table 5 , the EO of the flower of B. campestris showed MIC values lower than other studies in the literature, and promising activity against three oral bacteria with MIC values below 100 μg.mL
. The biological activity of EOs has often been related to the major compounds, but in some studies, the isolated main constituents showed less antimicrobial activity than the EO. 39, 53 Thus, it becomes increasingly clear that biological activities of the EOs are involved with the synergism between the major components and the minority constituents. The antibacterial activity for this work is probably related to the synergism of several compounds present in the oil with recognised antimicrobial activity.
Saturated and unsaturated fatty acids, alkanes, alcohols and long-chain ketones accounted for 63.3 % of the oil composition. These compounds have been shown to have potential antifungal and antibacterial effects. 40, 41, 46, 55, 56 The EO of the leaves of Inga laurina collected in rainy season, rich in hexadecanoic acid and phytol, showed significant antibacterial effect against aerobic and anaerobic oral bacteria. 51 Although many classes of metabolites may be present in EOs, the antimicrobial activity is also attributed to the presence of terpenes. 32, 35, 43, 44, 51, 55 The monoterpenes linalool and α-terpineol have already demonstrated an effect against cariogenic bacteria, including S. mutans, the main etiological agent of dental caries. The non-terpene compound eugenol is considered a very promising antibacterial agent against these microorganisms. 43 Some sesquiterpenes were found in flowers EO of B. campestris.
The EOs from the seeds of Aframomum dalzielii, Aframomum letestuianum and Aframomum pruinosum, rich in (E)-nerolidol and the isolate (E)-nerolidol showed a strong effect against Micrococcus luteus and Escherichia coli.
45 Some EOs rich in (E)-nerolidol and β-caryophyllene were considered promising against cariogenic bacteria and several other microorganisms.
32, 43 Thus, the sesquiterpenes found here may exert some influence on the inhibition of the tested bacteria.
Recent studies have shown that diterpenes are very effective in inhibiting different microorganisms, including oral pathogens.
44,57
The diterpene, phytol, although not abundant in B. campestris flower oil, may be an important contributor to the activity, since its role in antibacterial activity against oral microorganisms has already been described. The EO of the B. campestris flower showed very strong to moderate activity against all the aerobic and anaerobic bacteria tested and could be a natural alternative in the prevention of diseases caused by oral microorganisms. The EO was also evaluated against some yeasts and the results are shown in Table 6 .
44,51
The EO showed no activity against the yeasts of C. albicans, C. tropicalis and C. glabrata within the range of the tested concentrations (1.46-3000 μg mL -1 ). Although these results are negative, it was considered important for future research with the species. Even though the flower oil of B. campestris presented several constituents that are potential antifungal agents, it was not possible to observe any effect on these microorganisms. 
